described as the narrowest point for airflow. The nasal valve can be divided anatomically into an internal nasal valve (INV) and an external nasal valve (ENV). The ENV, anterior to the INV, normally has a more lateral boundary than the INV. On the medial side, the ENV is bound by the caudal nasal septum and medial crus of the lower lateral cartilage; on the lateral side, it is bound by the lateral crus of the lower lateral cartilage and the fibrofatty tissue of the alar rim. The floor consists of the nasal sill and medial footplate of the lower lateral cartilage. In the normal physiological state, the INV is the site of greatest resistance in a healthy nasal airway. The diameter of the nasal passage is the most important variable in determining nasal airflow. Nasal airflow can be explained by Poiseuille's law (Q = πPr 4 /8ηl), which states that small decreases in the radius can have a large effect on flow. In addition, acceleration of air through the ENV results in a decrease in intranasal pressure; this phenomenon, named the Bernoulli principle, has been previously discussed in the literature. 2 The inward force generated by this pressure gradient is balanced by the supporting cartilaginous and fibrous components, maintaining patency of the ENV and allowing normal air entry into the nose. This process is especially true when the ENV becomes the restriction point because patency is not the normal state, and the lateral structures are held only by the strength of the cartilage and indirectly by ligamentous attachments to the piriform aperture. This process is not true for the INV, in which the upper lateral cartilages have direct, firm chondro-osseous attachment and bear the narrowest point for most patients with normal structures. External nasal valve dysfunction (ENVD) results when the ENV is narrower and obstructs normal breathing. This obstruction leads to symptoms of reduced airflow, such as dyspnea, pressure, and fullness in the nose. External nasal valve dysfunction may be classified as static or dynamic. Static ENV stenosis causes a constant obstruction that results from a greater intranasal pressure required to facilitate airflow. 2 Dynamic ENV collapse causes more noticeable obstructive symptoms on inspiration at lower transmural pressures. 3 Both types of dysfunction are not mutually exclusive; the narrower ENV in stenosis produces a greater Bernoulli effect, which may result in ENV collapse. Thus, separating patients into either group exclusively is not practical or relevant, and the clinical concept of ENVD to define this interrelation is used within our practice. Surgery to correct ENVD aims to overcome the intranasal pressure changes and prevent nasal obstruction. Techniques focus on the lower lateral cartilages by adding support with grafts or using sutures to achieve elevation and external rotation. 4 Rhee and Kimbell 5 questioned whether increasing the diameter of the ENV or improving the rigidity contributed the most to improvements after nasal valve surgery. The aim of this study was to document the airway changes in patients before and after ENVD surgery using subjective and objective outcomes. It was hypothesized that functional rhinoplasty to correct ENVD changes the objective findings and improves symptoms. An attempt to define the changes in the physiological features of airflow following successful ENVD surgical interventions might better guide future surgical interventions.
Methods
This study was approved by the Human Research Ethics Committee of St Vincent's Hospital. Data were collected as reidentifiable data (for follow-up reasons). The study data were part of an audit of prospectively collected data performed as part of routine care for patients undergoing surgery from January 2012 to May 2013. We recruited patients with nasal obstruction and clinically diagnosed ENVD undergoing functional reconstructive rhinoplasty at a tertiary rhinologic center in Sydney, Australia. Patients underwent a lateral crural cephalic turn-in alone if they underwent a primary intervention ( Figure 1 ) or a lateral crural underlay strut graft using costal cartilage if they underwent a revision procedure (Figure 2 ).
Patient-Reported Outcome Measures
A visual analog scale (VAS) asked patients to rate their ease of breathing on each side on a scale of 0 to 100 mm, where 0 mm indicates not blocked and 100 mm indicates totally blocked. A number was then obtained from 0 to 100 for severity of nasal obstruction on each side. Patients also completed the validated Nasal Obstruction Symptom Evaluation (NOSE) Scale, 6 22-item Sinonasal Outcome Test (SNOT-22), 7 and 36-Item Short Form Health Survey, version 2 (SF-36v2). 8 A sinonasal obstruc- Copyright 2015 American Medical Association. All rights reserved.
tion score was isolated from the SNOT-22 based on the component of the questionnaire that asked specifically about symptoms of nasal obstruction. Functional and cosmetic anchor scores were obtained by asking patients to rate the overall nasal function and external appearance of their nose, respectively, on a 13-point Likert scale from −6 (terrible) to 0 (neither good nor bad) to +6 (excellent).
Objective Assessment of Airflow
Nasal peak inspiratory flow (NPIF) was measured with the patient seated and using a nasal inspiratory flow meter (In-Check; Clement Clarke International) with an attached anesthetic mask. A tight seal was ensured without compressing the external nares, and the patient was instructed to take a maximal forced inspiratory effort through the nose with the mouth closed. The best recorded result of 3 attempts was used according to previous studies. [9] [10] [11] Nasal airway resistance (NAR) was measured by active anterior rhinomanometry with a fixed reference level of 150 Pa (NR6; GM Instruments) as per the international standardization of rhinomanometry. 12 The patient was seated and allowed to rest for 15 minutes before testing, which was performed in a climate-controlled room. An airtight anesthetic mask was held by the patient over the nose with the nostril opposite the testing side sealed. The patient was instructed to breathe smoothly and consistently through the nose with the mouth closed while the measurements were recorded. The other side was then tested using the same method. Once both sides were tested, the entire process was repeated until 2 consistent baseline total NAR measurements were produced. 13 The minimum cross-sectional area (MCA) was measured with an acoustic rhinometer (A1; GM Instruments). Patients were seated upright, and the sound tube was applied to the caudal end of the nostril with the appropriately sized nose piece. Once an airtight seal was established, the patient was instructed to breathe in and hold the breath. This process was repeated at least 3 times until 2 consistent MCA results were obtained. 14 The process was then repeated for the other side. Baseline VAS scores and objective data were collected, followed by application of a nasal decongestant (500 μg of oxymetazoline hydrochloride per nostril). Patients were asked to rest for 15 minutes while completing the NOSE, SNOT-22, and SF-36v2 questionnaires. After 15 minutes, postdecongestion VAS and objective data were collected. Decongestion allowed separation of the mucosal and structural determinants of breathing. Decongestant application reduces the effects of mucosal tissue in the nose. Postdecongestion data therefore best represented the effect of structural components on nasal function. All the subjective and objective data measured before and after decongestion formed the complete nasal airway assessment, which was conducted before and after surgery.
Statistical Analysis
Commercially Basal view photographs and schematics depict harvested cartilage that is remodeled and replaces or provides underlay support to the lateral crus. The lateral edge of the strut graft is inserted into a pocket formed lateral to the piriform aperture in a more caudal orientation. The medial edge lies under the domes for a full bridge of the valve. 
Baseline Objective Measures

Postoperative Changes
A significant improvement in the patient-related outcome measures following rhinoplasty to correct ENVD (Table 1) Abbreviations: MCA, minimum cross-sectional area; NAR, nasal airway resistance; NOSE, Nasal Obstruction Symptom Evaluation; NPIF, nasal peak inspiratory flow.
Research Original Investigation
Rhinoplasty for External Nasal Valve Dysfunction comes following surgical management of ENVD. Only 7 studies of ENVD alone were identified, and none used objective outcomes. In 2010, Rhee et al 15 achieved a consensus that patientreported outcome measures were more important than objective outcome measures, and the general use of objective measures has been discouraged in clinical settings owing to poor correlation with subjective outcomes. 16 
Conclusions
Functional rhinoplasty to correct ENVD resulted in reduced collapsibility of the airway as demonstrated by improvements in NPIF and symptoms. Contrary to common belief, successful surgical interventions do not change the airway in size or resistance during normal breathing. Providing rigidity to the lateral wall is likely to be important in successful ENVD outcomes rather than simply increasing the size of the airway. 
